Distributed multimedia computing is seen as the next generation of information technology. This new technology has both the potential to create new application areas and augment those that already exist. This paper introduces multimedia and describes the characteristics of multimedia information. Those application areas where this new technology is having a significant impact are also discussed along with an evaluation of the current state of the art.
INTRODUCTION
Multimedia computing has emerged in the last few years as a major area of research. This work is motivated by the wide range of potential applications made feasible by combining information sources such as voice, graphics, hi-fi quality audio and video. Most of the work to date has centred on the stand-alone multimedia workstation, and a variety of software packages are now available in areas such as music composition, computer-aided learning and interactive video.
The combination of multimedia computing with distributed systems support offers even greater potential. A wide variety of application areas for distributed multimedia systems have been identified such as office information systems, scientific collaboration, conferencing systems and distance learning. However, distributed multimedia systems are still at an early stage of development and many of the proposed applications have yet to be realised.
To achieve the potential promised by distributed multimedia it is important to ensure that the developers of distributed systems fully understand the requirements of applications. The quest for this understanding has led to a number of investigations into the needs of distributed multimedia applications. This paper introduces multimedia computing and describes the characteristics of multimedia information. Those application areas where this new technology is having a significant impact are also discussed along with an evaluation of the current state of the art.
The paper is structured as follows. Section two presents some background information on distributed multimedia computing. Section three follows by providing an analysis of the key characteristics of multimedia. A number of application areas are described in section four along with an evaluation of the state of the art. Finally, section five presents some concluding remarks.
THE EMERGENCE OF MULTIMEDIA

Trends in Information Technology (User Perspective)
In understanding the motivations behind multimedia computing, it is important to consider information technology from the point of view of the end user (as opposed to the technologist). To an end user, information technology is concerned with access to various forms of information and the ability to cooperate through these forms of information. Any actual technology which helps in this task is merely a means to an end.
From this perspective, it is possible to identify two separate aspects of information technology, namely the forms of media available to an end user and the ability to efficiently communicate using these media forms. In both these areas, the modern user of information is coming under increased pressure. This pressure is discussed in more detail below.
Forms of Media
In recent years, there has been a dramatic increase in the range of media used to convey information. This trend is illustrated in figure 2.1. Throughout history, there has been a steady trend towards the development of richer and more varied forms of media. This century has witnessed the introduction of a wide variety of media types such as the telephone and visual forms of media. In the latter part of the century, this trend has accelerated. There is now a staggering range of media types available to convey information.
These advances provide a great opportunity for new developments in a range of areas such as education and commerce. However, there are also a number of problems associated with the growth of information in society. In particular, there is a great danger of creating information overload. This problem can be seen, for example, in business where executives are required to make decisions based on an ever increasing variety and volume of information. Similar problems are also occurring in areas such as government, health care and education.
Problems of Communication
The other great trend in information technology from a user perspective is the decentralisation of information. Most modern day organisations are large and tend to consist of a number of separate institutions spread across a wide geographical area. These institutions typically cooperate through the sharing and exchange of information. Thus, communication is a vital concern for most organisations. Efficient communications can make the difference between successful operation and failure. Without appropriate forms of communication, there is a danger of information starvation, i.e. decision makers do not have the right information to make the correct decisions.
Requirement for Information Technology
The end user is, therefore, faced with the two problems of information overload and information starvation. They may either have too much information or may not have the right information. There is, therefore, a need to help the end user to manage information to ease the burden created by the increasing importance of information. Essentially, the end user needs support in order to get the right information to the right people at the right time. This clearly cannot be achieved by manual systems. Thus, there is a requirement for automation in the process of information management.
Trends in Information Technology (System Perspective)
From a systems perspective, information technology is concerned with the processing of information and the ability to communicate information between different sites. More specifically, information technology is seen as a combination of computing technology and communications infrastructures. The aim of this technology is essentially to manage information for the end user.
The most noticeable trend in information technology from a system perspective has been the increasing integration of media. This is illustrated in figure 2 
What is Multimedia?
The previous sections have highlighted important trends in information technology from both the end user and system perspective. Two themes have emerged from this discussion. Firstly, the variety of media types is an important feature of modern information systems. Secondly, in order to deal with the variety, integration is a critical concern. These observations provide a good working definition of multimedia:-
MULTIMEDIA = VARIETY + INTEGRATION
It is necessary for a multimedia system to support a variety of media types, i.e. support in terms of storage, processing and communication. The range of media types could be as modest as text and graphics or as rich as animation, audio and video. However, this alone is not sufficient for a multimedia environment. It is also important that the various sources of media type are integrated into a single system framework. A multimedia system is one which allows end users to create, store, and communicate a variety of forms of information in an integrated manner.
In essence, multimedia systems are attempting to solve the problems of information management by integrating the various forms of media into the computer/ communications infrastructure. There are two benefits of achieving this level of integration:-i) the computer can help in the task of managing and processing the information, ii) information users only have to deal with one integrated environment rather than a number of separate information subsystems.
These are the main benefits of multimedia information systems and are the main motivation behind the current research on the subject.
Distributed Multimedia Computing
Recently multimedia systems have received a great deal of attention, and a number of successful prototypes have been developed. Some systems are also now available commercially. However, it is important to draw a distinction between multimedia systems which operate on a single workstation and those which can span a networked environment. Most of the developments to date have been on single workstations. There has been much less work on networked systems.
The term distributed multimedia system is introduced to describe the general case of a number of multimedia workstations interconnected by one or more networks. In addition, a distributed multimedia application is defined as an application which runs over a distributed multimedia system. The problems of managing multimedia in a distributed system are great and introduce a number of unresolved research problems. In contrast, the technological problems of stand-alone multimedia workstations are much better understood.
CHARACTERISTICS OF MULTIMEDIA INFORMATION
The previous section outlined the need to integrate the variety of media types into a distributed system. In the following sections we discuss the range of media types, outline their characteristics and discuss some of the issues that arise when attempting to integrate them into a computing environment.
Media Types
Early computer applications tended to deal exclusively with single media types. For example, word processors were text-based, CAD packages manipulated vector drawings and paint packages produced bit-mapped images. The advent of new application areas such as desk-top publishing, however, led to the integration of textual and graphical medium. The usefulness of integrating such media types is now selfevident. However, studies of potential multimedia application areas [Williams, 91a] have demonstrated that significant gains may be made by further integration of new media types including audio and video.
The various forms of media can be categorized as either static or continuous [Leopold, 91] . The term static media is used to refer to media which do not have a temporal dimension. In contrast, continuous media have an implied temporal dimension, i.e. they are presented at a particular rate for a particular length of time. Continuous media types, therefore, demand a continuing commitment from the underlying system in terms of services provided. A summary of the media types in these two categories is provided below.
Static Media
• 'Plain' data (data without any structure such as binary files)
• Raw ASCII
• Numerical (data units of fixed length such as integer, real, etc)
• Encoded text (character strings of arbitrary length with embedded font control)
• Vector graphics
• Bit map images
• Special forms (eg mathematical or chemical formulas)
Continuous Media
• Audio data (digitized speech and high quality audio)
• Formatted audio data (eg MIDI)
• Video data (digitized video information)
• Formatted video data (eg compressed video)
• Animation data (sequences of vector graphics primitives)
• 'Live' data (interactive data)
The Importance of Continuous Media
It is the integration of continuous media which represents the most significant step for multimedia computing. It is the nature of continuous media that they require sustained support from their support platform over periods of time. This in itself requires that the support platform provides a means of resource reservation that allows resources to be "booked" in advance for the time they are needed.
From a modelling perspective the integration of such media types requires the development of new abstractions for modelling communication and storage. Traditional forms of interaction such as remote procedure calls fail to adequately capture the concept of information flowing over time, so alternative abstractions must be developed.
Finally, from an applications perspective, the integration of continuous media types has led to the requirement to develop new interfaces to present to the user. The suitability of existing metaphors such as the desktop, when dealing with these new media types, is currently a research topic.
Representations of Media Types
Continuous media types such as audio and video may be represented in either digital or analogue format. Many early multimedia systems such as MINOS [Christodoulakis, 86a] manipulated analogue representations of continuous media data.
In particular the developers of MINOS constructed voice and video stores built around existing analogue storage devices which could be controlled by computer. Output from these storage devices was transmitted in analogue form and presented using analogue devices. This use of analogue technology allowed much pioneering work in the assessment of the potential benefits of multimedia systems to be carried out, since existing hardware already provided the necessary functionality at a reasonable cost.
Recently however there has been a general move towards digital representations of all forms of media. This move has been particularly prevalent in industries which repeatedly manipulate data such as the music and film industries. From a computing perspective, there is a more significant reason for promoting the use of digital representations of all media types: it allows the full integration of existing media types, and the comparatively easy integration of new media types. For example, analogue systems providing support for media types such as voice and video required separate cabling and devices for these media types when compared to more traditional media types such as text and graphics. The use of digital representations of all media types allows all forms of information to be fully integrated. However, it must be understood that the support of digital representations of continuous media in places considerable demands on the underlying technologies.
Demands of Digital Media
Given the range of media types, it is possible to calculate each of their basic data requirements. Calculations for a cross-section of media types are presented below, with the results summarised in figure 3.1.
Encoded Text
Assuming:
screen size of 768 * 512 pixels, character size of 8 * 8 pixels, 2 bytes per character for representation. The figures presented in figure 3 .1 are calculated according to the provision of a particular quality of service. The notion of quality of service is fundamental to multimedia computing. In most traditional computing environments requests for a particular service are either met, or ignored. In a multimedia system however, the initial request for a particular service may be open to negotiation as to the exact level of service. Consider video for example. Whilst full colour video occupies in the order of 30 Mbytes/sec, this figure may be reduced by affecting any one of the four separate dimensions which affect the requirements that a video image makes. The first two of these dimensions are spatial (x and y). Making an image smaller obviously reduces the amount of information needed to represent it.
The third dimension is the "depth" of the image (z). This is usually used to represent the colour of the image. Once again, a reduction in the number of possible colours that may be present in an image leads to a considerable saving in space. In particular the move from 24 bit colour to 8 bit grey scale images, and subsequently to 1 bit monochrome has a corresponding affect on the requirements of the video image.
The final dimension relates to the number of frames that must be presented in a given period of time. The basic U.K. frame rate of twenty-five frames per second is sufficient to provide the illusion of a smooth flowing image. However, for applications where the image is relatively static (e.g. video conferencing, video marketing, or certain monitoring applications such as perimeter security) a reduced frame rate of as low as 10 frames a second may be sufficient.
The user may be perfectly willing to accept some degradation in resolution or colour (e.g. grey scale instead of colour, monochrome instead of grey scale etc.) in order that his request for service be met in at least part. The quality of image the user received would be relative to the quality of service the underlying system could support.
The introduction of the idea of quality of service introduces many new problems since resources may now be bargained for, and to provide support for continuous media, many different devices may have to cooperate to provide a uniform quality of service.
STATE OF THE ART IN MULTIMEDIA APPLICATIONS
There are many areas of application where the introduction of multimedia can enhance the utility of existing systems. Similarly, there are many new areas of application made possible by the emergence of multimedia. This section examines some of the potential application areas of multimedia (with particular emphasis on distributed multimedia applications). Each of the following areas are covered:-i) office automation, ii) service industry applications, iii) science and engineering. This section also highlights the emergence of Computer Supported Co-operative Work (CSCW) as an important development with implications for distributed multimedia technology.
Office Applications
One of the main beneficiaries of multimedia technology is envisaged as being office and business systems. Offices produce and consume large amounts of information which can take many forms. Providing support for the effective processing and communication of this information is, therefore, a major objective of any office based computer application. The range of tasks undertaken in an office is vast offering a wide scope for research into the benefits of multimedia. It is not surprising, therefore, that office systems have been widely targeted for pilot multimedia applications. The following sub-sections cover the various areas which have been identified for investigation by researchers.
Multimedia Documents
The integrated text/ graphics word processor has been a commercial product for several years and has received widespread attention through the popularity of desktop publishing. The extension of documents to incorporate audio and video was, therefore, the obvious next step in the development path of this type of application. Research work in this area has tended to concentrate on two main issues, namely document creation and document storage.
Document Creation
Document creation has been a popular research area due to its position as the major component of a multimedia system. Document editors have been constructed which attempt to provide the functionality required by end users of multimedia technology [Christodoulakis, 88] [Scholler, 89] . This research has concentrated on the user interfaces of multimedia document editors and their methods of viewing, editing, and manipulating the various media types. It is also apparent that multi-user editing is an application area which will become popular with the increased usage of distributed multimedia computing [Stefik, 87] .
When producing documents it is important to be able to easily and quickly locate associated work or existing information in order that it be incorporated into new documents. The amount and variety of information produced in a multimedia system, however, can be difficult to browse through and may cause information overload. The methods of access to this information and its presentation to the user, therefore, are important issues to consider. The support for users to locate and retrieve multimedia information is being investigated through the use of techniques such as hypermedia [Ritchie, 89] .
Storage and Retrieval
There are many problems associated with storing and retrieving multimedia documents due to the range and bulk of the information [Christodoulakis, 86b] . The difficulties encountered when attempting to combat storage problems involve both computational and engineering issues. The computational view is concerned with the nature of documents, i.e. the information contained within them, the structure of that information, and its management. The engineering view in contrast is more directly related to overcoming the hardware limitations of storage technologies.
Computationally, multimedia documents are usually structured as compound objects consisting of a number of component parts, each part being a specific media type [Guting, 89] [Bertino, 90] . Storage of a document can then take place by parsing the document structure and sending the components to a device capable of recording that particular type of information. An example of this would be a text component being stored on a low capacity magnetic drive whilst a video component is written to a high speed optical device.
Retrieval of documents [Bertino, 88] requires the various stored components to be accessed and brought to the requesting workstation. The methods used to facilitate this retrieval can be quite complex due to the nature of the information. Research is involved in using techniques such as query languages [Croft, 88] , knowledge based classification, and document modelling [Snape, 91] to support the retrieval process. The derivation of standards such as the Office Document Architecture (ODA) [Brown, 89] is also a highly important objective for work in this area.
The engineering difficulties of storage and retrieval arise from the relatively low input/ output bandwidth of storage devices and their limitations regarding multiple and conflicting access requests [Ousterhout, 89] . It is expected that new storage technologies, perhaps similar to non-volatile memory modules, will be required before these problems can be satisfactorily solved [Davies, 90] .
Multimedia Electronic Mail
Multimedia electronic mail is an application area which will be applicable to a number of multimedia environments [Postel, 88] [Reynolds, 85] . Unlike text mail, however, multimedia messages can be extremely large and difficult to manage [Huitema, 89] . The size of mail messages for example, may range from a few kilobytes to many megabytes [Davies, 90] . The storage requirements, therefore, are extremely variable and difficult to foresee. It is possible that large components of mail messages such as video may be referenced, but not duplicated at receiving sites. Access to the message, therefore, would require real-time transmission of these components from the creators location. Although this approach may help reduce storage problems, it involves a high degree of inter-system management. It would be difficult for example, to allow a mail application to safely delete a message component which was referenced by a number of receiving sites.
As well as being large, multimedia messages may also be highly structured. A mail message being a prime example of a multimedia document which consists of a number of different information components. Mail applications will have to be able to understand the structure of messages sent from a range of different systems. The necessity for standards which describe how messages can be structured, therefore, is an important issue in the development of multimedia mail applications. Until a full understanding of the structuring requirements of multimedia documents is achieved, however, it will be difficult to develop standards which are able to support the full range of possibilities.
Service Industry Applications
The education and health services have always been large consumers of computing technology. It is not surprising, therefore, that both are investigating the potential of multimedia for enhancing the services they provide. The following sub-sections discuss the research work being undertaken in the areas of education and health with respect to multimedia computing.
Education
The use of multimedia in education has been widespread for many years. In schools and colleges within the UK there has been a continuous move towards computing support for teaching since the introduction of the home computer in the 1970's. This inexpensive technology has the capability to use text, image, and sound to supplement and enhance the more traditional teaching methods.
An additional breakthrough in educational multimedia came with the introduction of optical disk technology [Fujitani, 84] [Fox, 87] . The use of optical disks as information sources with interactive teaching applications has been highly useful in both schools and commercial training institutions [Loveria, 90] . With the initial lack of communications support, however, the full use of this type of application was constrained by the high cost of producing the information and the relatively low ability for its distribution. The emergence of the required communications technology is now allowing research to investigate the potential for teaching and training applications where central information sources can be accessed from remote sites. Livenet [Beckwith, 90] , for example, is providing remote access to course information for students.
Health
The health service consists of a wide range of equipment that produces high volumes of information in various forms. Scanning equipment, for example, produces video output whilst x-ray machines produce high quality images. The quality of the information available to medical staff and its accessibility are highly important when patients lives are at stake. To enhance this information and its access methods, therefore, is an important objective.
Distributed multimedia computing provides the support infrastructure to build medical systems which can hold many forms of information and allow access to this information both quickly and easily from any location. Information systems with this level of processing and communications power will have great benefits for the health industry. The MUSIC project [Goldberg, 89] and the BERKOM Heart Hospital [Hehmann, 91] are particular examples where a distributed multimedia system is enhancing the communication of information within a medical environment. Other research [Mavridis, 90] is looking at the management and control of medical data within automated information systems.
Science and Engineering Applications
Whilst a large proportion of research effort has been put into the application of multimedia computing to office and business systems, the scientific and engineering fields are also a prime area for investigation. There is a potential difference between office based and technical applications in the quality of the information which must be supported. Multimedia in the office is largely seen as a person to person communication mechanism where audio and video can support decision making and cooperative working through videoconferencing. In this type of application area the resource intensive media such as audio and video are usually transient and require no analytical processing regarding their content. Since the processing of the audio and video is by the user through eyes and ears, it is possible to reduce the quality in order to lower the burden on processor, communications, and storage resources.
Technical multimedia applications are more likely to analyse information in order to derive conclusions about its source. The use of multimedia, therefore, may not be person to person, but source to analyser where the analyser may be a human or a digital device. The technical application, therefore, placing much tighter restrictions on the acceptable quality of the information. Research into the requirements of scientific and technical application areas is highly important in fully understanding the nature of the information and the processing to be performed on it. Without this research, future distributed systems may be biased towards supporting office information processing.
A number of research projects are currently investigating the requirements of technical multimedia computing. The majority of research is concerned with the issues related to the communication of technical information [Bjerrum, 90] . In addition to communication systems, however, information libraries also form an important part of scientific and technical environments. Quick and easy access to information is of prime importance to any scientist or engineer. A number of research projects, therefore, are attempting to develop information technology which will improve the quality of technical information systems [Williams, 91b] . The applicability of document standards such as the Office Document Architecture for technical environments is also an important area for investigation.
Computer Supported Co-operative Working (CSCW)
CSCW has evolved over the last five years to combine the understanding of the nature of group working with the enabling technologies of computer networking, systems support and applications. It is now recognised that CSCW is inherently a multi-disciplinary research topic and requires the application of a number of disciplines including, sociology, organisational science, psychology and computer science.
One of the most interesting aspects of CSCW is the range of application areas which are being proposed. Many of these application areas intrinsically involve multimedia. For example, messaging systems [Rodden, 89] often involve multimedia components. Similarly, conferencing systems [Pullinger, 86] can be greatly enhanced by multimedia information. The area of CSCW, therefore, ought to be of great interest to technologists developing multimedia systems. A number of multimedia research projects are looking at the benefits of multimedia in a CSCW environment. Most of this research is concentrating on the development of interactive environments for audio/ visual communication between remote users.
It should be realised, however, that the support for group activities is fundamental to many fields of application (office systems, scientific collaboration, etc). Therefore it is a mistake to see CSCW as a separate area of application. Rather, the key to CSCW is the multi-disciplinary nature of the subject. Such an approach is valid in many of the application areas described above.
Evaluation
This section has highlighted a number of areas where the potential of distributed multimedia applications is being investigated. Research has shown that multimedia technology can have a significant impact on a wide range of application areas. One of the main requirements to be derived from this research is the need for systems integration. The majority of end users of distributed systems require the integration of a variety of information systems into a complete and coherent whole. Applications must, therefore, provide the user with both a full range of information types and an integrated system for creating and communicating this information.
In general the development of pilot applications has been highly successful in displaying the potential of multimedia technology. It is important, however, to realise that there are still a number of major problems with the state of the art in distributed multimedia computing. Some of these problems are discussed below:-
i) lack of commercial involvement
At present, most of the multimedia applications are at an experimental or research and development stage. Commercial products in multimedia seem a long way away. The only area where products are emerging is in the special case of stand-alone applications, i.e. multimedia applications for single workstations.
ii) ad-hoc solutions
Many of the applications developed to date have been built on either analogue technology or on a hybrid analogue/ digital solution. Few have experimented with completely digital solutions. This has allowed interesting prototypes to be developed but has deferred many of the technical problems associated with digital media.
iii) need for high performance experimental networks
Both of the problems discussed above are to a large extent caused by the lack of experimental high speed networking facilities. This is particularly true in the case of wide area networks where B-ISDN technologies are not yet readily available. This has led to a lack of experience in developing multimedia applications on high speed digital networks and has also delayed commercial interest in the area.
iv) importance of the end user
A number of experiments with multimedia have failed (most notably videophones) because the technology has not been popular with end users. It is therefore important, in future designs of distributed multimedia applications, to take into account the needs and wishes of end users and to involve them in the design process. This requirement is illustrated by the growth of the field of CSCW in recent years.
v) need for a systems infrastructure
One of the most noticeable trends is the lack of a systems infrastructure in most of the development work. The vast majority of applications have been developed directly on top of a hardware base with little help being provided in the management of resources across the network. This has meant that most applications are tightly bound to one particular hardware environment and hence are not portable to other configurations.
vi) need for standards
There is a great deal of interest in distributed multimedia applications, with a surprising level of activity in European programs such as RACE, ESPRIT, DELTA and AIM as well as other countries. This interest, however, is split over a number of research communities, e.g. distributed systems, telecommunications, and cognitive science. There is, therefore, a pressing need to develop standards for distributed multimedia systems. Standards will help maintain a uniform approach to the development of distributed multimedia applications.
In summary, distributed multimedia computing is an area of great promise. However, the problems highlighted above must be addressed before significant progress can be made.
CONCLUSIONS
This document has provided an insight into the various types of distributed multimedia application. The opportunities of distributed multimedia computing have been discussed in such diverse areas as health, education, office systems and the scientific and engineering disciplines. In addition, the state of the art in multimedia applications has been assessed and a number of problems highlighted. Most significantly, there is a clear need for the provision of application platforms to support the development of distributed multimedia applications. Such platforms are important to ease the task of multimedia developments and to support the portability and integration of applications. The issues arising from the development of such a platform, however, span a number of research areas including distributed systems, high performance communications protocols and document architectures. Standardisation is also an important issue in such a platform and would involve a number of standards activities, especially OSI (Open Systems Interconnection), ODP (Open Distributed Processing) and ODA (Office Document Architecture). Ongoing research at Lancaster University is addressing the design of distributed application platforms. This work involves architectures for distributed systems [Blair, 91] , object modelling [Snape, 91] and communications protocols [Ball, 90] . The work is being carried out in cooperation with end users [Williams, 91a] and will be validated through the development of live applications. This collaboration is important to ensure that future distributed multimedia information systems achieve their full potential.
